Purpose: NK/T-cell neoplasms are rare, highly aggressive, and insensitive to chemotherapy. These lymphomas have a poor prognosis, with patients being vulnerable to relapse. Hence, there is a need for alternative treatments. The purpose of this study is to investigate whether anti-PD1 takes effect on NK/T cell lymphoma. Methods: The expression of PD-L1 in NK/T cell lines was investigated by flow cytometry and by Western blot. In vivo, overall survival and median survival time of mice bearing an NK/T cell line tumor was assessed. Tumor-infiltrating T cells and monocyte-derived suppressor cells were evaluated by flow cytometry. Levels of PD-L1 and components of the JAK-STAT pathway were assessed in tumor tissues by immunohistochemistry. Results: NK/T cell lines had greater expression of PD-L1 than normal peripheral blood human NK cells. In vivo, anti-PD1 treatment improved overall survival and median survival time of mice bearing an NK/T cell line. Furthermore, anti-PD1 treatment increased levels of PD-L1. Cultured tumor-infiltrating lymphocytes from mice treated with anti-PD1 had greater levels of IFN-γ than cultured lymphocytes from untreated animals. Further, levels of JAK2 and STAT1 were greater in mice treated with anti-PD1. Conclusion: In vivo, anti-PD1 inhibited the progression of an NK/T-cell lymphoma and up-regulated PD-L1 expression. This up-regulation may be through the IFN-γ-associated JAK-STAT pathway.
Introduction
Natural killer (NK)/T cell lymphomas (NKTLs) are rare, heterogeneous diseases that have an aggressive clinical course necessitating immediate treatment. 1 In 2015, NKTLs accounted for approximately 15% of the estimated 71,850 cases of Non-Hodgkin Lymphoma (NHL) diagnosed in the United States, and NKTLs are differentiated into subtypes by morphology, location, immunophenotype and genetics. Patients with NKTL have a poorer outcome than those with aggressive B-cell lymphoma. National Comprehensive Cancer Network (NCCN) guidelines provide several chemotherapeutic regimens for NKTL. However, for patients with early-stage disease, the 5-year overall survival (OS) and progression-free survival (PFS) rates are 39% and 33%, respectively, even with treatment using combined chemoradiotherapy or chemotherapy alone. Hence, an urgent need exists for alternative therapies to treat this heterogeneous cancer that has poor prognosis. Immunotherapy, especially checkpoint inhibitors that block the interaction between programmed cell death 1 (PD-1) and its ligand (PD-L1), may provide such alternative therapies.
2,3 PD-L1 is expressed by various cancers, including solid tumors and lymphomas, with expression of PD-L1 reportedly being associated with a poorer prognosis. [4] [5] [6] [7] The interplay between cancer cells and the tumor microenvironment has generated interest in the PD1/PD-L1 pathway as a potential therapeutic target for personalized medicine. Further, blockade of PD1 and its ligand PD-L1 has proved effective for the treatment of B-cell lymphomas. [8] [9] [10] Blood serum and tissue samples from NKTL patients have been extensively analyzed for PD-1/PD-L1. For example, high levels of soluble PD-L1 (sPD-L1) have been found in the sera of nasal NKTL patients. These levels were positively associated with PD-L1 expression by lymphoma cells. 11 Additionally, PD-L1 was identified in 56% of tumor cells and in 62% of total cells (including malignant and non-malignant tissues) of 73 NKTL cases. 12 Although tissue samples have been extensively investigated, few studies have assessed NKTL cell lines.
The effect of anti-PD-1 treatment has been clearly elucidated for a variety of neoplasms including ovarian cancer, 13 melanoma 14 and lung cancer. 15 For ovarian cancer, anti-PD-1/CD134 monoclonal antibody (mAb) treatment increased CD4
+ and CD8 + cells and decreased immunosuppressive CD4
+

FoxP3
+ regulatory T (Treg) cells and myeloidderived suppressor cells (MDSC). While the clinical efficacy of anti-PD-1 treatment for NKTLs has been extensively investigated, the mechanistic basis for its efficacy has not been fully elucidated.
Many extrinsic factors have been demonstrated to induce the expression of PD-L1 through different signaling pathways in cancer cells. In prostate cancer and colon cancer, tumor necrosis factor alpha (TNF-α) can induce the expression of PD-L1 mainly through (nuclear factor kappa light chain enhancer of activated B cells [NF-κB]) signaling. Epidermal growth factor receptor tyrosine kinase inhibitors (EGFR-TKI) down-regulate PD-L1 in epidermal growth factor receptor (EGFR) mutant non-small-cell lung cancer (NSCLC) by inhibiting NF-κB. 16 IL-27 can induce PD-L1 expression in ovarian cancer through activation of signal transducer and activator of transcription 3 (STAT3). 17 The anticancer agent can also induce PD-L1 transcription through janus kinase 2/ signal transducer and activators of transcription 1 (JAK2/ STAT1) pathway in pancreatic cancer. 18 Among them, Interferon gamma (IFN-γ) is the most potent inducer via the JAK2/STAT1 pathway in multiple types of cancers.
Further, IFN-γ can induce PD-L1 expression in human oral squamous carcinoma cells in a time-and dose-dependent manner via the polycystic kidney disease (PKD2) signaling pathway. 19 In the process of testing the effect of anti-PD1 in T cell lymphoma models, we found PD-L1 was up-regulated after anti-PD1 treatment. This is a novel finding in T cell lymphoma after anti-PD1 experiment. Besides, no relevant mechanism has been found to be involved.
Here we further investigated the expression of PD-L1 in several NKTL cell lines and confirmed the effect of anti-PD1 on T cell lymphoma. What's more, we found that PD-L1 was up-regulated after anti-PD1 treatment of T cell lymphoma models. Further, the mechanistic basis for this effect was evaluated.
Materials and methods chemicals and cell lines
Phorbol 12-myristate 13-acetate (PMA, 16561-29-8) and ionomycin (I3909) were purchased from Sigma-Aldrich (St. Louis, MO, USA). Anti-mouse PD-1 (clone RMP1-14) antibody for in vivo use was purchased from BioXCell (West Lebanon, NH, USA). YT, NKYS, NK92, KAI3, NKL and SNK-6 were obtained from ExPASy. EL4 was bought from Chinese Academy of Sciences Cell Bank (Shanghai, China). PBMCs are from human donors.
YT and EL4 cells were maintained in RPMI-1640 medium supplemented with 10% fetal bovine serum (FBS). NKL and NK92 were maintained in RPMI-1640 medium with 10% FBS and 100 IU/mL rhIL-2. KAI3 was maintained in RPMI-1640 medium supplemented with 20% FBS and 100 IU/mL rhIL-2; SNK-6 was maintained in RPMI-1640 medium supplemented with 10% Human serum and 700 IU/mL rhIL-2. All media contained 100 units/mL penicillin and 100 µg/ mL streptomycin. All cell lines were maintained at 37°C in a humidified incubator containing 5% CO 2 .
Magnetic separation
Peripheral blood mononuclear cells (PBMCs) were isolated from human donors by density gradient centrifugation; the suspension was centrifuged at 300 × g for 10 minutes. The supernatant was aspirated completely and cell pellet was resuspended in 40 µL of buffer. Then, 10 µL of NK Cell BiotinAntibody Cocktail was mixed well with it and incubated for 5 minutes in the refrigerator. To this, 30 µL of buffer was added again before 20 µL of the NK Cell MicroBead Cocktail was added. The mixture was incubated for an additional 10 minutes in the refrigerator. The volume was adjusted to a minimum of 500 µL and placed in the magnetic field of a miniMACS submit your manuscript | www.dovepress.com
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lentivirus production and transfection 293 FT cells were seeded in a 15-cm dish in 20 mL of complete DMEM medium. Cells were incubated for 24 hours at 37°C. Full culture medium was exchanged with 8.1 mL Opti-MEM per dish. 293 FT cells were transfected with the application of polyethyleneimine (764582, Merck Life Science, Shanghai, China). The dish was mixed by rocking gently to spread the DNA. Three days after transfection, the medium containing cell debris was centrifuged and concentrate virus were collected. EL4 cells were seeded and put in 200 uL lentivirus stock. The plate was swirled to mix and incubated overnight. Three days later, GFP-positive cells were sorted and incubated at 37°C in a CO 2 incubator.
cD56 expression in isolated nK cells and PD-L1 expression in cell lines by flow cytometry
A concentration of 1×10 6 cells were centrifuged sufficiently and washed twice with staining buffer, then 10 µg/mL of PD-L1 antibody (558065) was added and incubated for 30 minutes in dark at 4°C. Cells were washed 3 times by centrifugation at 400 × g for 5 minutes and resuspended in 500 µL of ice-cold PBS. Cells were kept in the dark at 4°C in a fridge before analyzing. The PD-L1 expression were analyzed using flow cytometry as soon as possible.
PD-l1 expression in cell lines by Western blot
Cells were lysed in radioimmunoprecipitation assay (RIPA) buffer with a Protease and Phosphatase Inhibitor Single-Use Cocktail (78443; Thermo Fisher Scientific, Waltham, MA, USA). Protein was separated by SDS-PAGE gel and immunoblotted with anti-human-PD-L1 antibody (R&D Systems, Minneapolis, MN, USA) and anti-GAPDH antibody (Abcam, Cambridge, UK). Specific proteins were visualized using Western ECL substrate (170-5060; Bio-Rad Laboratories, Hercules, CA, USA).
Tumor challenge and treatment experiments
The C57BL/6 female mice were bought from Beijing Vital River Laboratory Animal Technology Co., Ltd. (Beijing, China). Twenty mice received a subcutaneous injection of 1×10 6 EL4-GFP cells in 0.2 mL pure RPMI-1640 into the right armpit (day 0). All the mice subsequently developed obvious T-cell lymphoma in 4 days. Once the tumor appeared, mice were randomly allocated to the two groups (n=10 each); the treatment group received an intratumoral injection of anti-PD1 (300 µg) twice weekly, and the control group received an intratumoral injection of PBS twice weekly. During the period of treatment, once the length of the tumor reached 20 mm, the mice were euthanized. After 4 weeks of treatment, when the control group had two mice left and the treatment group four left, study was terminated. All tumors were harvested. Fixed tumors were embedded in paraffin, sectioned (4 µm thickness) and stained with haematoxylin and eosin for histological observation.
PD-L1 expression, tumor-infiltrating T cell amount and evaluation of tumorinfiltrating immune cells (TIIC) in two groups by flow cytometry
Mice which had been transplanted with EL4 cells were euthanized. Tumors were divided in to two groups and were minced into tiny block and grinded to cell suspension. Cells were filtered through 70-um filter and harvested and adjusted to a concentration of 1×10 6 cells/mL in staining buffer. They were then stained with mAbs (BD Bioscience) against mouse PD-L1 (564715), CD45 (553081), CD3 (745836), CD4 (563232), CD8 (561952), CD11b (552850) and Gr-1 (561103) for 30 minutes. Tumor cells were selected by gating GFPpositive cells, and the lymphocyte population was selected by gating GFP-negative and CD45-positive cells. The data were analyzed using Flow Jo software (Ashland, OR, USA). All flow cytometry experiments were performed at least two times.
analysis of iFn-γ production by Tiic
To obtain TIIC, washed cells were isolated by sorting with GFP-negative and CD45-positive gated cells. TIIC harvested from the two groups of mice were then stimulated with 50 ng/mL phorbol 12-myristate 13-acetate (PMA) and 1 µg/mL ionomycin for 6 hours, then the IFN-γ secretion was analyzed in culture supernatants using mouse IFN-γ Quantikine ELISA Kit according to the manual (R&D systems).
PD-l1, p-JaK2 and p-sTaT1 protein expression in immunohistochemistry after treatment PD-L1 (D5V3B), p-JAK2 (Tyr 1007) and p-STAT1 (Tyr 701) protein expression was evaluated by immunohistochemistry analysis of paraffin-embedded tissues. Sections (4 µm) were cut from the paraffin blocks, blocked with 1% BSA and incubated submit your manuscript | www.dovepress.com
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immunohistochemistry scoring
Final immunohistochemistry score was assessed by two scoring systems. One system was based on the level of antibody staining, with cells scored as 0 for no color, 1 for yellow, 2 for brown-yellow or 3 for dark brown. The other scoring system was based on antibody reactivity among 100 cells, with data expressed as a percentage. Based on the proportion of positive cells, the samples were scored as 0 (0%-10%), 1 (11%-25%), 2 (26%-50%) or 3 (51%-100%). The scores from the above scoring systems were multiplied, and a score of 0 was considered negative (-), 1-2 as mild positive (+), 3-4 as positive (++) and .5 as strongly positive (+++). Any score .1 was considered positive. Based on the final score, scores from 0 to 2 were grouped as low expression with all other scores grouped as high expression.
statistical analysis
All statistical analyses were performed using Prism 5.0 (Standford, CA, USA). Unpaired Student's t-tests were used to assess significant differences between the control and treatment groups. P-values ,0.05 were considered statistically significant. Protein levels assessed by Western blot were analyzed by Image Studio Lite software (Cambridge, UK).
ethics statement
The animal protocol was approved by the Institutional Ethics Review Board of Zhengzhou University (approval number: 00014350) and compliance with the National Institutes of Health guide for the care and use of laboratory animals for the care and use of laboratory animals. The protocol of obtaining PBMCs from healthy donors has their confirmation through written informed consent and compliance with the Declaration of Helsinki. The use of the PBMCs was approved by the Institutional Ethics Review Board of the First Affiliated Hospital of Zhengzhou University (approval number: 0013856).
Results
nK/T cell lymphoma cell lines have higher PD-l1 expression than normal nK cells
NK cells were isolated and purified using magnetic separation method, with the isolation efficiency being satisfactory based on the flow cytometry confirmation using GFP-conjugated CD56 antibody ( Figure 1A) . NKTL cell lines, including NK92, KAI3, NKL, YT and SNK-6 cells, were compared to CD56
+ normal NK cells. While 58% of normal NK cells were PD-L1 positive, the positivity of PD-L1 expression on all NKTL cell lines was almost 100% (P,0.05) ( Figure 1B) . As shown in Figure 1C , the protein expression of PD-L1 in NKTL cells was remarkably higher than that in normal NK cells. Following band densitometry quantification on the blot, the intensity of PD-L1 in all cell lysate samples was more than two-fold higher, compared to that in normal NK cell lysate ( Figure 1D) . Together, the above data clearly showed that the expression of PD-L1 is significantly enhanced in NKTL cells, in comparison to that in normal NK cells.
anti-PD-1 treatment induces a durable antitumor effect
Since PD-L1 is expressed highly in NKTL cell lines, we evaluated the antitumor efficacy of anti-PD-1 on T cell lymphoma in vivo. Detailed treatment regimen is shown in Figure 2A . The formation of tumor volume was monitored. Overall survival curve was graphed and median survival time was calculated. Compared with control, the anti-PD1 treated group showed a modest tumor-suppressing activity, resulting in a significant increase in overall survival (1 month after tumor injection, Figure 2B ). In addition, median survival time of mice in this group was longer than mice in control ( Figure 2C , 28 days vs 20 days, P,0.05).
Anti-PD1 treatment significantly increases the amount of tumor-infiltrating T cells and ratios of both cD4 and cD8 T cells to Treg cells and MDsc
To explore the mechanisms of anti-PD-1 treatment, we analyzed the effects of anti-PD1 on tumor-infiltrating cells harvested from treated mice at the end of the experiment. in vivo anti-PD1 treatment induced PD-l1 expression through iFn-γ associated with JaK-sTaT pathway in el4 tumors
As we observed, the PD-L1 expression was up-regulated in the treatment group (data not shown). At the end of the animal experiment, we harvested the tumor masses from mice treated with control or anti-PD1 and examined the IFN-γ level with ELISA.
The IFN-γ secretion by effector T cell in the treatment group was higher than the control group ( Figure 4A ; 120 vs 444.1 pg/mL; P,0.05). Herein, we sought to investigate the PD-L1, p-JAK2 and p-STAT1 protein expression using immunohistochemistry. PD-L1 and p-STAT1 were highly expressed in the treatment group and p-JAK2 was significantly expressed in treatment group ( Figure 4B ). Taken together, our results suggest that anti-PD1 treatment in vivo induces PD-L1 expression through IFN-γ associated with the JAK-STAT pathway in T cell lymphoma.
Discussion
Our findings suggest that anti-PD1 inhibits tumor progression in T-cell lymphoma in vivo and increases PD-L1 expression through IFN-γ associated with JAK-STAT pathway in T cell lymphoma.
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11 evaluated the expression of PD-L1 in three NKTL cell lines and found that the PD-L1 protein was highly expressed in these lines compared with Raji cells. In this study, PD-L1 expression was detected in more NKTL cell lines compared with normal NK cell lines. In addition, in vivo study has shown that anti-PD1 inhibits tumor progression in T-cell lymphoma.
Despite the clinical efficiency of anti-PD1 or PD-L1 blockades in NKTL, fully detailed mechanisms related to the immune microenvironment has not been clarified. One research group retrospectively analyzed 128 patients and observed that the increasing number of absolute lymphocytes count (ALC) is a novel, favourable, prognostic index for NKTL. 20 In ovarian cancer, IFN-γ from lymphocytes induced PD-L1 expression and promoted progression. 21 In nasopharyngeal carcinoma, IFN-γ was independent of, but synergetic with, LMP1 in up-regulating PD-L1. 22 We speculate that anti-PD1 treatment may induce tumor PD-L1 expression by IFN-γ release from effect or T cells in T cell lymphoma, namely by the adaptive resistance mechanism recently described. 23, 24 Similarly, in our study, anti-PD1 treatment increased the absolute number of total tumor-infiltrating T cells and improved the overall survival of mice with T cell lymphoma. Tumor cells can escape the supervision of the immune system, and the pathogenic mechanism of inducing Treg cells has been identified in cancer in addition to the pathogenspecific cytotoxic T cells. 25 Many studies have shown the negative correlation between Treg cell level and patients' survival. For instance, one meta-analysis has shown that higher Treg cell level was significantly associated with poor prognosis in terms of overall survival. 26 Of 100 tumor specimens obtained from primary invasive breast carcinoma, higher Treg cell levels were significantly associated with poor overall survival. 27 In addition, in patients with glioblastoma, increased proportion of Treg cells in tumor infiltrating lymphocytes is associated with tumor recurrence and reduced survival.
In spite of the negative correlation in most solid tumors, recent studies have shown higher level of Treg cells was associated with better survival in EBV associated malignancies, including nasopharyngeal carcinoma, EBV positive classical Hodgkin's lymphoma and follicular lymphoma. [28] [29] [30] Furthermore, a higher density of Treg cells correlated with better overall survival and longer progression-free survival (PFS) by univariate analysis. 31 Interestingly, in our study, the anti-PD1 treatment group with lower ratio of Treg cells has a better survival. In a subset of patients with metastatic melanoma treated with checkpoint blockade anti-CTLA4 antibody (anti-CTLA4), the researchers found anti-CTLA4 predominantly inhibited Treg cells, thereby increasing the CD8 T-cell to Treg cell ratio. 32 Our study shows that another checkpoint blockade anti-PD1 antibody may have a similar action.
PD-L1 expression has shown to be closely correlated to the tumor patients' prognosis and possibility of relapses. It has been reported that PD-L1 expression is the only significant independent predictor for longer overall survival in patients with NKTL, and PD-L1 might be used as a novel prognostic marker. 12 Another study has shown that high-sPD-L1 group of patients showed significantly poorer prognosis than the low-sPD-L1 group in NKTL and the levels No matter what different opinions exist on the correlation between the PD-L1 expression and NKTL prognosis, knockdown of PD-L1 has been shown to down-regulate tumor proliferation, tumor growth and cell cycle progression, as well as tumor invasion ability. Down-regulating the expression of PD-L1 by using shRNAi-PD-L1 on tumor cells, not only prevents tumor escape from killing by activated T cells, but also inhibits the oncogenesis of lymphoma. 33 In the process of detecting the infiltrating T cell number, we checked the PD-L1 expression in tumor suspension and found that the PD-L1 expression was up-regulated after anti-PD1 treatment. IFN-γ secreted by tumor-infiltrating T cells can induce PD-L1 expression by stimulating the JAK/STAT signaling pathway in myeloid leukemia cells. 34 PD-L1 expression is mainly regulated by IFN-γ, which is associated with JAK-STAT pathway in gastric cancer. 35 IFN-γ secreted by CD8-positive lymphocytes upregulates PD-L1 on ovarian cancer cells and promotes tumor growth. 21 The in vitro study in canine hepatocellular carcinoma and myelolipoma cells showed that IFN-γ production was enhanced in the infiltrated cells after PD-L1 monoclonal antibody treatment. 36 Here, we also report that PD-L1 expression is related to the activation of JAK-STAT signaling pathway, which indicates the possibility of JAK-STAT pathway inhibition in PD-L1 down-regulation. The in vitro and in vivo study in pancreatic tumors shows that the inhibition of the JAK-STAT signaling pathway decreases tumor cell PD-L1 expression and the JAK1/JAK2 inhibitor ruxolitinib can prevent submit your manuscript | www.dovepress.com
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Xue et al systemic inflammation in the tumor microenvironment and upregulate CTL infiltration and activation to overcome pancreatic cancer resistance to anti-PD-1 immunotherapy. 37 Combination of precision medicine and immunotherapy takes individual variability into account in order to design personalized treatment strategies. 7 In future, more studies on JAK pathway inhibitors as well as anti-PD1 will be conducted synergistically in NKTL.
Conclusion
Anti-PD1 inhibits tumor progression in T-cell lymphoma in vivo and may up-regulate PD-L1 expression through IFN-γ associated with JAK-STAT pathway. JAK pathway inhibitors as well as anti-PD1 may work synergistically by preventing IFN-γ induced PD-L1 expression in NKTL.
